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Hematology 


The blood is composed of plasma and 3 cell types: 

• Red blood cells {erythrocytes) -> Cjjqjg^Cb &j^02. 

• Whit e blood cells {leucocytes) -> Prot ects against infectio n 

• Platelets {thrombocytes) -> Control bleeding , 


Hemopoiesis 

• Definition: it is the proc ess of formation of blood cells. 

• All blood cellTare^erived from pluripotent stem cells. 

• By birth, hemopoiesis occurs onjy^in mdbone maiTOvv. 

• In adults red bone marrow is found in flat bones [sternum, pelvis, vertebrae] & in 

p roximaj ends ^oPliumeri &, femora. ^ __ 

• In some diseases hemopoiesis occurs in the liver &_spleei( (Extramedullary/ 
/licmop oiesis) ?! 
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'r- Notes on Red blood cells 

Erythropoiesis: the process of RBC formation. 


Erythropoiesis: Pro-erythroblast-> erythroblast -> Normoblast -> Reticulocytes Mature RBCs 


Bone mairow 

Normal life span of RBC js_ 120 days. 


Peripheral blood 


Iron 



Vit. B12 & folic acid 

1 


Erythropoietin (from Kidney) 

--•- \ 


— C -^^mhvtor^-factar-s ... j . 


InlubiLo iVTacloTs' ; \'i^ 

Hypoxia 


• Systemic disease ^ 




Reticulocytes 




(L« 




Rcticuld cytc s grc youn gRBC s newly rele a sed from the marro w. 
They are slightl y larger an db luer t han mature RBC . 

RelictiloevteS-fem ji 1 % of total peripheral RBCs. 

Retieiilo cytQS LS i ndicntcsTiri :ietive ~maTro\v. 

Rcticulocytosjs indicates hemolvsisy)! loss of blood. 


WhiteJdood cel ls in clude: 

£mmu]o^te [Neutrophils, Eosinophils, Basophils] 
Monocytes 

.\Tnpliocyte [T-cell, B-cell] 


Platelets > 

Plat elet ore derived from Meuakarvocvtes in the bone inaiTOw. 
Life span of platelets is 10 days 
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Main Symptoms in hematology 


> | RBC 

> 1 WBC 

> [ Pit 


> Anemia 

> Bleeding 


esfigations In hematology 


Complete blood count [CBC] 
Blood film 

Coagulation [PT, PTT] 

Bony marrow aspiration & Biopsy 


Complete Blood count [CBC] 

CBC Parameters?^. 
TIcTringTdmn 
ijematoc'nT'~ 



WBC inii nBer 

Reticulocyte count 
Rod blood cell indices: 

rr? Kiev 

MCI I 

A?- MCI 1C 
a RDW 


Hematocrit value (Met) = packed cell v olume (PCV): 

• It is the volume of packe cTRBCs in ^OO lmbT oocQ _ 

• It is not affected injicute bleeding except after about 12 hours until hemodilution' 
occur. 


k9 =37 - 47%. _ 

with anemia and t with polycythemia . 


& = 40 ^ 54 % 
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Blood indices 

. Blood indices are average numbers. 

Mean corpuscular Hb = MCH 

. It is the amount of Hb per cell 
. Normochromia = 27 - 32 pg/Ery 
• Hypochromia -> M.C.H < 27 pg/Ery 
. Hyperchromia MCH >32 pg/Ery 

Mean corpuscular volume = MCV 

. It is the mean volume of one cell. 

. Normocytosis = 80- 100 fL. 

. T in Macrocytosis (MCV > 100 fL) 

. i in Microcytosis (MCV < 80 fL) ^ 

Mean corpuscular hemoglobin concentration = MCHC 
. It is the Concentration of Hb in the red cell = 31 - 35% 

~ rrlficfr 'is surfd'af lo MClT as TFreflect ^uTcmTfrfrcfrroflutfm s> iilhc.Ws 

Red cell distribution width = RDW 

. This one measure the variability of the size ol'RBQ 
. Low RDW signifies a normal, homogenous population of cells. 

. Increased RDW occurs When there is large variability between cell = anisocytosis 

Blood film 


It is the examination of blood cells under the microscope 



Erythrocyte (RBC) Morphology ^ ^ 

• Normal: 7.5-jum diameter. * 

• Anisocytosis —variation in RBC size. 

• Poikilocytosis —abnormal RBC shapes. 

Bone marrow examination 

• Bone marrow can be aspirated from the sternum or ilia c crest . 

. Bone marrow can be biopsied by the use of trephine biopsy from the iliac crest, 
. Marrow aspirate is useful for cytology, cell counts & assessment of iron stores. 
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) Hypochromic microcytic anemia : the erythropoietic stem cel l DNA synthesis is 
normal, buf ^ptoFll asm j^'"^nniesrs~6FIiei'nog1objiiJs impairedj 

Macrocytic Hyperchromic anemia: the erythropoietic stem cell cannot produce 
nucleic acid, and so nuclear maturation is prolonged while Cytoplasmic maturation 
continues, resulting in abnormally large cells. 

Normocytic Normochromic anemia: here the RBCs arejiormal^in^niorphology 
but low number is produ ced. 
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Iron deficiency anemia 


is 


Definition: Anemia due to decreased body iron. 

[Epi demiol ogy^ 

• Iron deTTcIency is t he mo st common anemia & most common hematological disease. 

• It affects 2 bill ion people worldwide 

Premenopausal wome n mo st comm on c ause is excessive menstrual blood loss. 

• i n ni ei@)postmeiTopausal wom en t he most common cause is GIT Bleeding: 


S|: 


S 


n 


Hi 
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Iron metabolism 

Iron daily requirement 


S + post menopausal 9 =/TnTg’ 
Menstruating 9 =(jT5~- 2 liTgj 
Pregnancy =f5^6lng] 


Absorption: 

•:> Iron is absorbed Prom the duodenu m & upper jejunum 


~c I cmmsjron (Pe 2 ') is more absorbab le tha n Pernc iion (py~y ™ ” 

o Absorption is | by acids { yasln c acid ascorbic aci(f)'& 1 by lanna tesd i n tea. 

. IrotrfslianspoiTcd bv Jransfemn & siored^ astfemtitTmainlv in liv er &bone marrow 
♦ In iron J. anemia iron stores I -^IPerritiiO 


19 ‘r 





rvN/vV/vC_s> SrCA 


Hiatus hernia ( Cameron ulcer) 

• Peptic ulcer (pts on NSA1D or Steroid). . 

• Hookwonns infestation, Schistosomiasis. J (\ 

• IdU 

• CA stomach, colon. 

_ « O ther: Diverticulosis, angiodysplasia, telangiectasia. 

^^Me nslruation « 4 VA«— 

Jnharv' tract*" ^ 

intftk 

o f ffi not eatnulinea t.Mvegetarian pt eat iron but in no-absorbable form]. 
Malabsorption: 


_< 






o [ Gastric acid: -> Hypochl orhydriajn the elderly, 
- " ■* _ Post-gastrectom 

o Small intestinal disease e.gTXeliac_ ‘ (y 
• t demandi^ychildren, pregnancy and lactation 
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Clinical features 


Sym ptoms of.anemia [| 0 2 j 


-►^duscles 


-►Fatigue = Tiredness = Lassitude 


►-Res^sys 


-r-^IHgadaclie 

^ Lightheadedness & Fainting 
*■ .Dysp nea on exertion 


►^Cardiovascular Sys ~^JPalpitatipp^^ ,v ( 

■% ^ In pt with heart disease: 

^ * • Symp of CHF : LLE. 


\d £\< 


A - Angina 

o - WCDq 




Symptoms occurring in iron deficiency: ~ 

/• v " ^^^^ecrayi'nig to eatj.m usual substances such as dirt, clay, ice, or 
A 7 fe^jpH^ia^ due to esophageal webs.- 

- P^ r ’ x ^^ 

Singsf^Z^ ~ u 

Pallo 


o TSkin and mucous membranes pallor [hemoglobin level is 8-10 g/dL] 
o Palmar creases pallaFfbemoglobin level is 7 ? 8 g/dL] l "' ^ 
Hp|itheT[^iriamfestations: 

* ^.o -"Glossitis (smooth, red tongue), p ainless sto matitis,^and angular cheilitis^ 

q.^Jvo ilonyctifa : spoonin g of the fingernails, [in Ch. iron deficiency anemia] 
• Tachycardia and systplic ejec tion murmu 

1 ~ ** C^P e < ' - ) 


\ 


Investigations < 




CBC;((Microcytic HypocTiromuTaneima): 

FI^~~] 7Hg TT~EB Cs coun t. 

• The MCV < 80J] (mi cro cytic), & MCH < 27 pg /hypoch romic ) 

• __ j; IPlatelel - coimt sug gestsbleeding as a cause. c -y h^s X 

• Reticulocyte is normal or low, & WBCs count is normal. _ * 

• High RDW (Red Cell Distribution Widthjfdenoting anisocytosis 


:o 


tP0£t42l!T ; 

^£5? Confir ms that the ^cg 11 s are microcyt ic & hypochromic. 
Xf Anisocytosis: the RBCs are not o f the same size. 

^(*) ^oikilocytosTs: the RBCs are notpf the sa me sha pe. 
XC Pencil cells & Target cells, may be seeii > 
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Iron studies:/Serum iron, tr ansferri n saturation (TIBC), and Transferrin saturation 

1. Serum ferntmTslow: 

Due to reduced or absent body iron stores. 

. Serum ferritin is the best single test to confirm iron deficiency 

2. Serum iron is low. 

3. Tota]j£on capacitw j(XI&C) (Transferrin level) is high 
4^~Transferrin saturation is the ratio of serum iron to TIBC. 

• In Fe-deficiency it is decreased to < 16%. [normally > 30%] 

Lab: t erythrocyte protoporphyrin in peripheral blood. 

Bone ma rrow examinati on: (not needed for diagnosis) 

. ^Eiythro id hype rplasia^and Decreased or absent hemosiderin in the marrow 
• Bone marrow examination i s no t needed for diagnos is. 

■ Investigations for the etiology: As sjopi analysis to exclude parasitic infestations or 
occult blood. In some pts Upper follow er GI endoscopy.\ 


Management 

/ j/. Correct underlying disorders 
. 2. Oral preparation is the best treatment route. 

£ . Ferrous sulphate [dose 200 mg of elemental iron daily] 


• Side effects 



f T 


I L/l I UUO OU I |/i ill iv I vivwtv “ v CT ^ J 

Ferrous sulphate tablet contains 65 mg of elemental iron-* given 3 times/ day. 

Nausea. . ^ 

*■ AbdornTiiaFp ai n. \ 

Black stool.. J — -—, 

Tarfhea or Constipatioii 

- - -- - - . ." - 

. f Treatment is continued for 3 months after the hemoglobin has retu rned to 
normal to replenish iron stores^ 

Parenteral preparations (1M or IV) are used only is in patients who are unable to 
tolerate oral therapy or pt with malabsorption or continuing severe bloodies. 

. Parenteral route is associated hypersensitivity reactions\(anaphylaxis> 
Parenteral route does not lead to more rapid repair of anemia. 

- reparations-* Iron sorbitol given deep 1M by Z-technique [SE i _Painfub& 
mses^brown skin discoloration at site of injection] 

Jlfiod transfusion:/ . 

Ib^trinsTusipn i s_ notapgropriate unless the p t is sey grely sy mptomatic\y ith 

'^mSorBr^ithiessness, or to 

. ^Twtia^Tg/dlisiikelylonegjtood^n^ision ^ u 
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Monitoring response to iron therapy: 

1. Reticulocytosis starts on 3rd day & peaks at 7th after starting treatment. 

2. Hemoglobin rises by rate of Ig/dl per week. 

3. Normalization of the hemoglobin level (1 month) 

4. Repletion of iron stores (2-4 months). 

If the pt is not responding look for another cause of anemia. 


Differential diagnosis of microcytic hypochromic anemia 


Serum iron 

Transferrin saturation 

Serum ferritin 

Iron deficiency anemia 

Low 

Low 

Low 

Anemia of ch. illness 

Low 

Normal 

High 

Thalassemia 

Normal 

Normal 

Normal 

Sideroblastic anemia 

High 

_dig;_ 1 

High 

Lead poisoning 

High 

High 

High 


Anemia of chronic illness 

seems b i- pts -wi t h Nirnn k Hryflamnaiions-fR A . T R, 1 \unnhomas .y 
Pathophysiology: Inflammatory mediators (IL-1, TNF) are responsible: 

1. They j production or erythropoietin in kidneys & impair ils action in the marrow. 

2. Direct inhibition of the bone marrow. 

3. They f Hcpcidin -> inhibits release of iron from the storage sites (e.g. spleen macrophage) 

-A inhibit iron absorption from the small intestine. 

4. Inflammatory mediators production of acute phase proteins in which include ferritin 
Dx: • CBC. Usually normochromic normocytic anemia, but can be hypochromic microcytic. 

♦ Iron studies: Low serum iron level, normal transferrin level, and high ferritin level. 

Rx: Treat underlyin g cause. Exogenous erythropoietin is effective. Iron is not effectiv e. . 


. Sideroblastic anemias 1 

Definition: they are anemias, caused by disorders in the synthesis of the heme moiety of j 

hemoglobin, and are characterized by trapped iron in the mitochondria of nucleated RBCs namej 
ringed sideroblasts. 

Q ^ 0 $ 

• Hereditary [X-linked, due to an abnormality in pyridoxine (vitamin B ft )] 

• Idiopathic 

• Secondaiy (Isoniazid, alcohol-induced, lead poisoning) 

I>.\: 

• CBC: Usually hypochromic microcytic anemia, but can normocytic or macrocytic. | 

• Iron studies: High serum iron levels. High transferrin saturation, High ferritin levels 

• Bone marrow reveals the ringed sideroblasts 
Rx: * Stop the offending drug. 

» Pyridoxine is effective ortty in bereditary 
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Megaloblastic Anemia 

^ * ,■ * * 

Definition : A group of anemias caused by deficiency of B| 2 or Folic acid. 


&M. 

it 

iryf^ 


* Vit B,2 * 

Folic acid 0 

o 

• Requirements: 1 micro gm/d. X 

♦ Requirements: 50 micro gm/d ^ 

JD 

C3 

• Sources : Animal sources 

• Sources: Animal and Vegetables. 

<L> 

• Absorption: Ileum 

• Absorption: duodenum and Jejunum 


Store: 3-5 mg in liver can supply for 5 yr 

•VStores: 5-15 mg, can supply for months 


1. i Intake: rare &. occurs in vegetarians. 

1. | Intake (common in alcoholics, elderly) 


2. 1 Intrinsic factor: Pernicious anemia 

2. Intestinal disease e g. Celiac disease 

*J\ 

CJ 

fmost common cause ) 

3. | demand (pregnancy)' 

CO 

3 

3. Intestinal disease: 

4. Drugs?) 

£ 

■ Ileal disease e g. Crohn's disease 

■ r Tl^iytoTfr-^V 


■ Bacterial overgrowth syndrome 

■ \ Methotrexate^ 


■ Diphyllobothrium latum 

* /jAzathioprineN 


Nolo on absorption of Vit B 12: 




tVv^tCL 




PnrionTTccTls of siomnclrsecrete an iiurtnslc fnctdFv UiTcriTiriTiljnTes'TviTli Vit. Bp r— 

rcaching the terminal ijeum the B| 2 intrinsic factor complex where it is absorbed -> 
alter absorption Vit. B| 2 binds totranscobolam i nTTt o be transported to tissues. 


Clinical Picture 

r Symptoms & signs of anemia 

r GIT manifestations: 

• Dyspepsia 

• Red beefy tongue which is painful 

• Splenomegaly 

^ Neurological manifestations occur only in Vit B | 2 deficiency: 

Posterior column: paresthesia, i vibration & joint position sense. 

• Pyramidal: spastic weakness, hyperactive reflexes, +ve Babinski 

. Subacute combined degeneration = Posterior column + Pyramidal tracts. 
. Cerebral: dementia, psychosis (megaloblastic madness), optic atrophy 
. Peripheral neuropathy 

• Autonomic neuropathy 

. Note: There is no correlation betw een severity of anemia and neurologic 
manifestations of B n deficiency. 


- On Note: In pregnancy, even a mild folate deficiency is associated with defects in neural 

’ '^V tube closure in the fetus, so folate supplements should always be given to pregnant. 
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In ves tig at ions 



CBQjCMacrocytia, Hyperchromic) 

~Vjb, Hct, &/RBC 
MCV >100 (macrocytic anemia) 

• J^-^ BC^ ieuti openia) & J, Platelets (thrombocytopenia) may occur 

• Reticul ocyte count is lovvKutTncreases with treatment. 

/Pe ripheraLbloo tl f Im ;> q y* 

• Macro-ovalocytosis^/ 

• Jjowejbioilyj^^ basophilic stippling. 

• Hypcrscgmcntcd neutrophils 

2; T Hone M a rro\v^J ^?eipla shcboiie marrow with j ncgaloblastic RBC... 

j e galobtasts oc cur only in Vit B | 2 | + Folate J. &. Not in other causes of macrocvtosis l 

'3Lv\V>f J r ' ' 


M 



w U 


>r 


• t Scrum bilirubin & t LDI-I clue to intramedullary haemolysis 

• Momocystine levels: elevated in both deficiency states. 


5 L 
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> Folate deficiency is diagnosed by measurements of: 

♦ Scrum folate, which shows current level of folate. 

♦ Red cells folate, indicate folate levels over the preceding 6 weeks, (better) 

' Vit I$i 2 deficiency is diagnosed by: 

♦ Methylmalonic acid levels (elevated) is the diagnostic procedure of choice. 

♦ Vit I3|2 scrum levels 

♦ Schilling test: it tests for the presence of intrinsic factor and intestinal 
function to find out the cause of vitamin B| 2 deficiency. 

Procedure: \ it 13 12 is given I.M. to saturate stores then give 13j 2 orally 
labeled with radioactive material, normal person secrete 25% of radioactive 
lb: in urine but Pt with pernicious anemia, will secrete < 5%, this indicates 
poor absorption through the small intestine. We can repeat the test after 
intake of intrinsic factor. 

/)/ Xv of i\ lacrocytositic anemia 

\. Megaloblastic causes [Vitamin B !2 deficiency. Folate deficiency] 

2. Alcohol 

.>. Chronic liver disease 

4. Hypothyroidism 

5. Myelodysplasia 
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Treatment 

Note: If a pts with megaloblastic anemia due to Vit B )2 deficiency is treated with folic 
acid, the anemia will be corrected but the neurologic abnormalities will progress. 

v Vit B 12 deficiency: IM Hydroxycobolamine 1000 jig 1M in five doses 3 days apart 
followed by maintenance therapy of 1000 pg every 3 months for life. 

. Note: Treatment may -> ] potassium levels & rapid depletion of iron stores. 

^ Folate deficiency: Oral folic acid 5 mg daily for 3 wks to treat acute deficiency 
followed by maintenance therapy of 5 mg once weekly. 


i : 


r 


ti 


Per m e ious anemia 

It is the commonest cause of Vit B )2 (cobalamin) deficiency. 

Definition: Pernicious anemia is a condition in which the portion of gastric mucosa 
Ttrar cc rnt r iii i j tlir pnrir t nl rHP r =aatai aM»u afc Tlu> 

parietal cells secrete intrinsic factor, which is essential for cobalamin absorpt ion. 


Epidemiolo gy 


-Qj Age, usually after age 40^J 

Q Ciender:\more in females] _ _ 

(3 More in) persons7>T~131ood group 


Clinical presentation 

. Anemia, Off, and Neurologic symptoms (see above) 

. TTtbeT features include: 

o May be associated with other autoimmune diseases e.g., thyroid 
diseases, vitiligo, hypoparathyroidism, and Addison's disease, 
o It is associated with premature graying of hair or blue eyes, 
o | R' s k °f gastric cancer. 


Investigations 

* Anti-parietal cell antibodies are positive in > 90% but are found in normal people. 

• Anti-intrinsic factor antibodies are positive in 60% and are diagnostic. 

Treatment: As Vit.B12 defieincy 


t ? 





Dr. Akram Alkrekshi 


2009 


13 




















Hemolytic anemia 

Overview 

» Hemolysis = RBC life <120 days. 

• BM can j production of RBC by 8 times, but when it fails.to compensate -> anemia 


Physiology> of red cell destruction 

• Extravascular hemolysis 

o In Extravascular hemolysis the RBC are removed by macrophages of the 
reticuloendothelial system mainly in spleen -> Splenomegaly, 
o Breakdown of Hb -> f unconjugated bilirubin -> Jaundice, 
o The 1 bilirubin will be excreted by liver -> j risk of pigment stones. 

-> t urine Urobilinogen [not bilirubin] 

♦ Intravascular hemolysis 

1 ntravascular destruction indicates fragmentation of RBC within in the circulation, 
o Hb released bind to proteins called Haptoglobins, and they from a complex 
removed bv the liver , so in hemolytic anemia Haptoglobin, level is Decreased. 
o When the binding capacity of haptoglobin is exceeded,/free hemoglobin is filtered in the 
kidney and converted to hemosiderin in renal tubular dell -MJemosiderinuna After that' 
Hemoglobinuria (hemoglobin in the urine) -> Black urine. 


Clinical picture 


Anemia 
Jaundice 
> Splenomegaly 


Causes of hemolytic anemias 

Congenital 

Acquired 

r Membrane defects 

• Autoimmune 

1 Spherocytosis 

1. Infections: EBV, Mycoplasma 

2. IZIliptocytosis 

2. Systemic lupus erythematosus SLE 

r- Hemoglobinopathies 

3. Chronic‘lymphocytic leukemia CLL 

1. Sickle cell disease 

• Non-immune 

2. Thalassemia 

1. Microangiopathic hemolytic anemia 

^ Red cell enzyme defects 

2. Prosthetic heart valve 

1. G6PD deficiency 

3. Drug-or toxin-induced 

2. Pyruvate kinase deficiency 

4. Paroxysmal nocturnal hemoglobinuria 


Investigation 

Hemoglobin 

1 

MCV, MCH 

Normocytic or Macrocytic 

Reticulocytes 

t Reticulocytosis 

Bilirubin 

T _I_ 

LDH 

t __ 

Haptoglobin 

Reduced to absent 



f^reteuloeytosis] 

Urine 

t Urobilinogen 




... ■ 
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Spherocytosis 


Hereditary spherocytosis is the most common inherited hemolytic anemia. 

Etiology 

♦ Inheritance is Autosomal dominant. 

♦ There is abnormality RBC membrane protein spectrin or ankyrin that causes the 
RBC to become spherical in shape with f rigidity. 

Clin ical features 

♦ Anemia (Weakness, Dyspnea, Palpitations, Pallor) + Jaundice +Splenomegaly 
. Pigmentary gallstones are present in 50% of pt & may cause cholecystitis.- 

♦ Ankle ulcers. 

♦ Aplastic crises associated with parvovirus B19 infection may occur. 


Investigations ^ 

♦ As all hemolytic anemias {Anemia, Reliculocylosis, Indirect ■hyperbilirubinemia) 
♦ CBC: Microcytosis with Hyperchromia (|MCH) 



Osmotic fragility test is +ve: When RBC are added to hypotonic solution the RBC 
are abnormally fragile. 


Management 

* Splenectomy improve the decrease in lifespan but spherocytosis persists. 

. Folic acid prophylaxis for life. 

♦ If cholecystectomy required, perform splenectomy also to [ risk of recurrent 
gallstones. 

Management of pt for splenectomy: • 

• Splenectomy, should be delayed;until:the child.is > 6 ys to j the risk of invasive 
infection caused by encapsulated bacteria. 

. Vaccination : Pneumococcal, Haemophilus influenzae. Meningococcal & influenza 
vaccines 2-3 weeks before splenectomy. 

♦ Pneumococcal repeated every 5-yrs & influenza annually. 

. Life-long prophylactic penicillin [If penicillin-allergic -> erythromycin]_ 
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Glycolytic enzymatic defects 

> Glucose-6-phosphate dehydrogenase deficiency (G6PD) 

It is the most common RBC enzymatic defect. It may occur as an acute hemolytic 
disease induced by infection or medications, or- as a chronic .hemolytic disease. 

Epidemiology 

• X-linked recessive 

• Mediterranean, Arabic, Asian, .and African. 

Pathophysiology: 

G6PD enzyme synthesizes NADPH which protects the RBC from oxidative stress via 
glutathione. So G6PD Deficiency RBC damage on exposure to oxidants. 

Triggers of hemolysis 

1. Infection 

2. Fava beans 

3. Prims: 

o Antibiotics: sulphoha'niidesrhitibTurahtdliif cijfrofrdxacihf dapsoTfe 
o Salicylates 
o Antimalarials 

Clin ical features 

• Symptoms occur 24—48 hours after exposure to oxidant. 

• Hemolysis occurs, resulting in abdominal pain, V/D, fever, and jaundice. 

• ’ Pl.epatosplenomegaly may be present. 

L a h o ratory fin d ings 

• Hemoglobinuria 

• Blood film: Bite cells (RBCs with bite of membrane missing) & Heinz bodies. 

• Diagnosis: Low levels of G6PD in RBCs 

Treatment: Transfusions as needed; splenectomy not beneficial. 

> Pyruvate kinase (PK) deficiency: it is autosomal recessive f PK enzyme -> ATP depletion 
and decreased RBC survival. Diagnosis: f PK activity in the RBCs. Management includes 
transfusions & splenectomy for severe disease. • 
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Thalassemia 

.jf Definition-. Thalassemia is an autosomal recessive syndromes of aneinias characterized , 

defective synthesis of one of dhe Hgb . chains. ■ 

.nPathophysiology - . : 

-•"^^•tl^or'mallyrihe major’Hgb inRlfGs4shem6glbbin’.rift^^^ 

.*••*< '-‘ present in smallamounts areHgbA 2 :[2iaa: ; ;2i8:,].^HgbKp.a +.2 yj. /' > n 

•jVfnva-Thalassbmia results from ; defectiveVa-globin cham synthesis and p-4halassemia yi:>;; 

.^^V- results from defective p^-glohin-chainsynthesis. 

./*■«* Bothtypes bfthalassemia^heinolysi^^^boheahaiTow^ctivityt^bonetoan-ow^^ 

• ■ hyp erplasia ~j in therisize of bones in the face.and skull. ______i_ 

, a-Thalassemia-.} more in Asian. . . 

l-;^dJhere,are-4 a-globin.genes per-celNSo there are;4disease' ; states: ^ : v . 

rirSilen t -carrier: T'a-globinigeneds 'deleted.riBts:'havehio-anemia. v'.i r. .» CDfC 


^;ri^4ri£Fetal :Hy (1 rdpst^.d-^lobintgenes&reiJdel.etedj-Gahses;detaMeath. v-.,, At 


Vri^(3-Thalassemia:;m'ore.invMediten-anean. • v. •. v ’: 

v L% >rip4ThalaSsemia^miajorV^(Gool^s^rifemiaU*pi^hpmqzygou^p-thalas?epri^^ 

i • . -••Both.-'genes.for.p-globiqtare.abnormala/su-.v..^-*; • -• 

♦ Clinical features'A:- •: 

o Diseasebeginsininfancy around 6,mpnthscof-age^>,v.;W-..• -z •. •• • • -.e. . 

o Anemia^ jaundiceri.Hepatosplenomegalyv'ax-'.- v • V., -r . 

: .T 0 Mf untreated; bone^marrow^hyperplasia^^rhalassemia -faciesedVIbnglqid.^^^ 

- f ac ies (frdhtal bossirigrpi'ominenbcheekbones-.due.toanaxillaryTypeiplasia.^fc^. 

O Ankle.ulcers.maytoccur.-. • ... 

. Investigations': :■ V .... ,. . v 

o As all hemolytic anemias (Anemia, Reticulocytosis, Indirect hyperbilirubinemia) ■ 

0 CBC: severe hypochromia and microcytosis. 

o Blood film:-show Target cells. 

o Electrophoresis:.;.Law.or absent Hb Ai and elevated Hb F-.& Hb A 2 ,... 

„ . Skull y-rav.shows -" hair on end ” appearance^:/ , . * • 

. Management*^ Treatment includes -Jifelongitransfusions. and often splenectomy,^': 
-. Complications -^. Hemochromatosis is caused by jronrin .transfused- RBGs. 

.. . , . Chelation ofiron, with deferoxaminedncreasesdron.excretion. & delay^emochrqmatqsisx.-. 

8-Thalassemia minor,(heterozygqus.T^alassemia onPTthalassemia, trait) pau§e^a ? 
mild asymptomatic-anemia with-Hgb^eyels E-Tg^dritbeloW^age-appropriate.^.,-; 

norms.-Investigations shows hypochromia and microcytosis with target cells.i;,n: 

No treatment is required. 
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Sickle cell disease 


Epidemiology 

• More in black 

.Autosomal recessive 


••:\v'ivMhe. number-6 position .of4he- : P~globin chain .of Hb. -'•■■ * ; ''l / 

V- The mutation results in-polymerization-of>TIb -wheritheiRBCas exposed; ,ow 

oxvgen or. acidosis* [HbF<strongly resists ^polymerization], ^ : ;. 

-Polarization of Hgb :p^ic%^ 

. • . , • I-► - Occlusiomof small .vessels -A uschemia &-»mlai ction 

. ... SS disease -> tvvo genes for Hgb S (homozygous). • , ' 

trait -> one’gene for'rHgb'S (heterozypus)>*h<^^ - 

i^f^#nnorphologydsmoiinaTbutTesistant.ttp:J/a/c/pan/m malaria. 


h-i&MGlin ical presentations .p^-Crisis 

.^v^k^AShronica-iemolytiCianemias 


, g* y ‘V V, ; 

$’ Z:*% /■ w • r : :.£?}$i y 


. f 'Aj^^vy 


r^i4Siclcle-cell.crises 


i.^^w^d.4^^ffetifMitaactvlitis^^beiti30ne^^afmeted|^Ai: 


’^v^^li^^aso^d'c^luslfe^crKis 


'I .;;j* .. . pmboiisto tlm'-lunftS^:«ickling%nddnfamtiontof,th'e.lungr-Tatal •itinp.fjt.e^teti^^-V'' 

.^.>^ K R*'-v;> 1 S , cWM<a^tfp/t'rr&^vThrdmbosi&idfAenousy3utfld^^.^cute ; paii}*&il^^l'argepi^i^^»^i* 

i- i In children .the spleentis:themosbcommon;site.^.s^ndmegaj^^- .. - v - 

/ -j. In adults-thediver. is .most, common fSite^xe^: 

. . r caused.by infection withparvovirusprvfolic-aciddeficiency•/#».***?**>■-. - 

grid den fall i nheffioglobin dvlo w -reticulocyte, count-v y.. • • - Us*Uj&*- 

r^j^ing crisis'may-be"precipitated by: -. -Sickling crisis.,s treated by«s*-* -• ' ■ 

1 1 ii x't r rr F^n 


1. Hypoxia 

2. Dehydration 

3. Infection 

4. Stress.- 


1. Oxygen 

2. Intravenous fluids •> 

3. Opiate analgesics 

4. Antibiotics -. 


°th e r^atiiress^kle^^.^seas^.^-^^— ^ ^ 

1: .. „ Salmonelkrosteomyelitis mccurs imareasipTinfractedbone,,---^ . vw* i 


. . Salmonella osteomyelitis occurs in;areas.pt Jriiracteclponc;,i.-5 , ^ ^.^..-, . '*«*« 

. piOTTiented.galbstonesT.are^.commonKr^^^-'-' ’ p- - **•-> - - y - .’y ti' _ 

. Retinopathy, acute renal^apiUaty i necrpsis,deg‘ulcers.inay,occur:ir^^>£r=^<^- 

• Priapism: painful.sustained .erection.-*.. .-• . /V 

. Pregnancy is dangerous.. // • 

I i 

, l: .2009 \\ 
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Investigations 

. As all hemolytic anemias ( Anemia, Reliculocytosis, Indirect hyperbilirubinemia ) 

. CBC: Normocytic normochromic anemia. 

■ leukocytosis is common. 

. Blood film A Sickle cells. + Features of hyposplenism. 

• Hemoglobin electrophoresis shows 80—99% HbS with no normal HbA. HbF may 
be elevated to about 15%. This test confirms the diagnosis. The Hb A2 is not 
increased, [unlike J3-thalassemia in which HbA2 is f] 

Treatment 

> Hydroxyurea (hydroxycarbamide) a chemotherapeutic agent that | HbF. 

> Daily oral penicillin prophylaxis is started in the first months of life to decrease 
the risk of S. pneumoniae infection. 

> Daily folic acid is given to prevent folic acid deficiency. 

> Vaccination: against Pneumococcal, Haemophilus influenza, & Hepatitis B. 

Prognosis 

• Long-term complications include delayed growth and puberty, cardiomegaly. 
hemochromatosis., cor pulmonale, gallstones, poor wound healing, avascular 
necrosis of the femoral and humeral heads, and diminished cognition. 
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Autoimmune hemolytic anemia [ajhaj 

Definition: they are anemia resulting from f RBC destruction due to RBG autoantibodies. 

Autoimmune hemolytic anemia are divided in to Warm or Cold according to at what 
temperature the antibodies best cause Hemolysis. 

Epidemiology: more in middle aged females. 

Etiology 

• Idiopathic [Most common cause] 

• Autoimmune disease: SLE, RA, 1BD. 

• Neoplasia: e.g. Lymphoma, CLL 

• Drugs: e.g. methyldopa 

• Infections: e.g.. Mycoplasma, EBV [causes Cold type] 

Clinical picture 

• Anemia + Jaundice _ _ . : 

• Cold type: Raynaud’s phenomena on exposure fo cold. 

Investigations 

> CBC: nonuocytic, normochromic anemia, or macrocytic hyperchromic 
Blood film: polychromasia, spherocytosis, fragmentation (schistocytes).-- 

> Direct antiglobulin test (Coombs' test) 

o In both Cold and Warm A1HA is positive, and it is.the definitive diagnostic test, 
o In this test the addition of anti-human immunoglobulin antibodies will show 
the autoantibodies on RBC surfaceby causing agglutination. 

Treatment 

• Treat the underlying cause 

• Corticosteroids |80% of pt responds, and response may take 3 weeks to occur] 

• Splenectomy [if steroids didn’t work] 


Comparison 

Antibody 

Warm (80% of pts) 

Tr.u . . .. 

Cold (20% of pts) 
lgM 

.Active temperature 

37°C 

4°c .: 

Response to therapy 

Steroids 

Good 

Poor 

Splenectomy 

Good 

Poor 

Glove, warmth 

None 

Good 
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Aplastic anemia 

Definition: A pancytopenia associated with a hypoplastic bone marrow. 

Etiology and pathogenesis 

A Congenital e.g. autosomal recessive (Fanconi’s anemia) 

A Acquired: 

• Idiopathic (most common cause) 

• Radiation 

• Drug induced ( gold, chloramphenicol, NSAlDs, carbamazepine, phenytoin) 

• Viral infection (Parvovirus, Hepatitis viruses A, B and C, CMV and EBV) 

• Chronic benzene exposure 

Clinical features 

• May occur at any age. in either sex. 

• Onset rapid (over a few. days) or slow (over weeks or months). 

• Symptoms and signs are caused'by bone marrow failure (J.RBC, j.WBC. 1 Pit). 

• Liver, spleen and lymph nodes are not enlarged. 



• • Anemia is nonnocytic or mildly macrocytic with a low or absent reticulocyte. 

• l .eucopenia and Thrombocytopenia are usual. 

♦ Bone, marrow is hypoplastic witlvincreased fat (fat/hemopoiesis ratio >75:25%) 

♦ Remaining hemopoietic cells are normal appearance*and there is no evidence 
of malignancy. Megakaryocytes are particularly reduced. 

Treatment 

Supportive: blood transfusion & prevention and treatment of infection 
Immunosuppressive: Antilymphocyte globulin (ALG) + Ciclosporin 
Stem cell transplantation [Allogeneic transplants is successful in 80% ofpts] 

Prognosis: Poor 
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Complications of blood transfusion 


1. Infections [HIV, and hepatitis B and C infection, malaria] 

2. Minor febrile reactions [common, less likely if red cells are leuco depleted] 

3. Hemolytic reactions 

4. Severe allergic reactions [in pts with IgA deficiency] 

5. Transfusion-related lung injury [due to aggregation on neutrophils in lung capillaries] 

6. Problems caused by massive transfusions [hypocalcemia, bleeding] 

7. Chronic iron overload A 2ndiy hemochromatosis (cardiac, liver & endocrine damage) 

8. variant Creutzfeldt-Jakob disease (vCJD) 

9. Immune suppression [worsen prognosis of CA colon, and.], risk of rejection for renal 
transplant pt (good thing)] 

10. Graft-versus-Host disease [Rare: lymphocytes from donor survive and attack the host] 
Acute , severe hemolytic reactions 

Severe acute hemolytic reactions are rare, and caused by only by ABO incompatibility. 
The patient may develop pyrexia and chest or abdominal pain and:pass black urine, 
rapidly progressing to shock, acute renal failure and D1C. 

11 a-h-emutytic-TeauTu-i i •is' sitspec-cgd'f^yon-gfrenld-.-—=.a—., ; 

♦ stop the transfusion immediately 

♦ give intravenous hydrocortisone and. chlorphenamine 

♦ check the patient's identity and ■details of the donor blood 

♦ return theblood to the transfusion laboratory with a fresh sample of the patient's blood 

♦ call for senior help and resuscitate as needed. 
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Myeloproliferative disorders 

™y elo P r o ]lfer ative disorders are a group of four diseases Caused by clonal 
piolifeiation - neoplasia of hematopoietic stem cell: 

1. Myeloid leukemias. 

2. Myelofibrosis. 

3. Polycythemia rubra vera. 

4. Essential thrombocytosis. 

Myelofibrosis 

Definition: Myelofibrosis is a disease in which bone marrow becomes fibrotic. 
^’disorfTr te " reSU,t ° f 0thCTmyeI ° pr0Hferativ e diseases or may present as a 

Pathophysiology: There is hyperplasia of abnormal megakaiyoctyes which releases 
platelet derived growth factor (PDGF) which stimulates fibroblasts 4 fibrosis 

a reTulf~ -- 

Clinical presentation 

Typieally the pt is around 50 yrs.with,anemia & splenomegaly (oftemnassive and 
causing pain), and systemic symptoms e.g. weight loss and fever. 

Investigations 

• CBC: anemia. T WBC & Pit early in the disease, [pancytopenia latel 

• Blood film, im mature white and red blood cells (leukoerythroblastic chanues) 
rvith ted cells are shaped like teardrops and giant platelets may be seen 

• Bone marrow aspiration-* Diy tap. 

Bone marrow biopsy -» hypercellular bone marrow with extensive fibrosis. 

• High urate and LDH (reflect increased cell turnover) 

• Folic acid deficiency is common 

Treatment 

Supportive Rx, sometime with Splenectomy to improve blood cells count 

• Folic acid supplement 

• Cytotoxic drug hydroxycarbamide may control spleen size. 

*. BM transplant in young pts. 

Prognosis 

• Median survival is 4 years from diagnosis. 

• The disease may progress to acute leukemia. 
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Polycythemia 


Definition 

• Polycythemia (erythrocytosis): it is an increase in hemoglobin concentration above 
normal. It may be true or spurious. 

» True polycythemia exists when the total red cell mass (RCM) is increased above normal. 

• Spurious (pseudo or stress) polycythemia exists when an elevated hemo 
centration is caused by a reduction in plasma volume. 

Etiology 

> True polycythemia 

. Primary -> Polycythemia rubra vera (PRV) 

♦ Secondary 

o Erythropoietin appropriately increased 

■ High altitude 

■ Cyanotic congenital heart disease 

■ Chronic lung disease (COPD, Obstructive sleep apnea) 



■ Renal disease: Renal cell C'A, renal cyst, hydronephrosis 
- Tumors: Uterine fibroid,,hepatocellular.CA,. cerebellar hemoangioma 


r- Relative (spurious) polycythemia 

. Plasma volume depletion * [e.g. Diuretic therapy.- Dehydration ] 
. Stress (pseudo-polycythemia) (Gaisbock syndrome) 



Polycythemia rubra vera (PRV) 

Definition : PRV is a myeloproliferative.disorder causedby clonal proliferation.of a 
marrow stem cell leading to an j" in red cell volume ± j" granulocytes & platelets. 

Epidemiology 
Age: > 40 years 
Gender: male = females 

Genetics: mutation in JAK.2 is present in approximately 95% 


Clinical features 

• Plethoric appearance and conjunctival suffusion. 

• Pruritis, typically after a hot bath.. 

. Hyperviscosity may lead to headaches and visual disturbance. . 

Abnormal Pit function «-►.Thrombosis [DVT, Stroke] 

'-► Hemorrhage 

. Enlarged spleen is found in 75% of pts [not found in other causes of polycythemia] 

• Hypertension in a 1/3 of pts 
. Peptic ulcer are common 
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Investigations 

. CBC: -> t Hct, fHb, t RBC and f Red Cell Mass [RCM], 

-> 75% of pts have f WBC & f Pit. 

. Neutrophil alkaline phosphatase (NAP) is raised, and ESR is low. 
. The erythropoietin level is low . 


Criteria for the diagnosis of PRY 


A1 Raised red cell mass (>25% above 
predicted) 

A2 Absence of secondary polycythemia 

A3 Palpable splenomegaly 

A4 Presence of an acquired genetic 
abnormality 

B1 Thrombocytosis (platelet count >400 x ICf/I) 

B2 Neutrophil Leukocytosis (>10 x 10 9 /1) 

B3 Splenomegaly on ultrasound 

B4 Spontaneous growth of red cell precursors in 
vitro without added erythropoietin 

Al+A^+A3 or A4 establish Dx of PRV. A1+A2 + two of B establish Dx of PR.V _| 


Treatment 

• Aspirin to | risk ofThrombosis. 

• Regular venesection is used J. hyperviscosity. 

- r 'h :mcthmpy (r g ora l hyd T vyM r jM _m-Jnfp r frrnnv.tn.1 nhiHt hone marrow - 

Prognosis 

Median survival is about 16 years. Up to 30% of pts develop myelofibrosis: Acute 
myeloid leukaemia occurs in up to 5% of.pts. 

Essential thrombocytosis 

Overview: . ; 

♦ It is a malignant proliferation of Megakaryocytes A persistent elevation or the 

blood platelet count (thrombocytosis) usually with Plat. Count > hmillion/ml 
. Pt around 60 years and may present with thrombosis or hemorrhage, depending 
on whether the platelets are functioning or not. 

. « Asymptomatic pts with count < 1 million -^observation + aspiiin 

* Symptomatic pt or count > 1 million A hydroxyurea + aspirin. 


Differential diagnosis of thrombocytosis 

Primary i 

Reactive [Pit count < 1 million] 

___ J. ------- 

1. Essential thrombosis 

2. As part of other . 
myeloproliferative disorder,'e g. 
PRV, CML myelofibrosis 

1. Iron deficiency 

2. Hemorrhage or hemolysis 

3. Trauma, postoperatively 

4. Infection, inflammation (RA) 

5. Malignancy 

6. Hyposplenism or postsplenectomy 


( 1 
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Hematological malignancies 
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Hematological malignancies arise from a single cell in the bone marrow, thymus or 
peripheral lymphoid system; This cell^undergoes a mutation leading .tounalignant 
transfonnation. Transformed cells either proliferate excessively or are resistant to 
apoptosis. 

Definitions 

* Leukemia: are malignant disorders of the hematopoietic stem cell compartment, 
characteristically associated with increased numbers .of white cells in the.bone 
marrow and/or peripheral blood. Leukemia is classified by the dominant cell 
type, and by duration from onset to death. This occurs in acute leukemia within a 
few months in most cases, and is associated with acute symptoms including 
severe anemia, hemorrhages. The duration of chronic-leukemia exceeds one 
year, with a gradual onset of symptoms ofhnemia. 

• Lymphoma: _Lymphoma-is a neoplastic proliferation oflymphoid cells', 
originating in lymph nodes or other lymphoid tissue. 


Classification of hematological malignancies 



Acute 

Chronic 

Lymphoid 

Acute lymphoblastic • : . 
leukemia (ALL) 

Ghronicdymphocyticieukemia (GLL) 
Non-Hodgkin lymphoma 

Hodgkin lymphoma 

Multiple myeloma 

Myeloid 

Acute myeloid leukemia 
(AML) ' 

Chronic myeloid leukemia (CML) 
Myelodysplasia (MDS) 
Myeloproliferative disorders 


('a uses of neoplasia 

1. Genetic predisposition. Certain inherited conditions (e.g. Down's syndrome) and 
conditions associated with, defective DN A repair (e.g. Fanconi's anaemia) or immune 
suppression (e.g. ataxia telangiectasia). 

2. Infections. 

Viruses * Epstein-Ban- virus: Hodgkin's lymphoma, Burkitt's lymphoma 

* Human T-cell leukemia virus (HTLV-1): Adult T-cell 
leukemia/lymphoma 

• HIV-1: High-grade B-cell lymphoma 

Bacteria • Helicobacter pylori: gastric lymphoma (MALToma) 

Protozoa • Malaria: Burkitt's lymphoma 

3. Ionizing radiation causes DNA mutation -> t the risk of hematological neoplasia. 

4. Toxins/chemicals, e.g. benzene predispose to leukemia and myelodysplasia (MDS). 

5. Drugs. Alkylating agents (e.g, melphalan, mustine) predispose to AML, and MDS 
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Acute leukemias 


Definition: Acute leukemia is a malignant disorder in which hemopoietic blast cells 
constitute >20% of bonc.Tnarrow.eeHs. Srhe.primitive.-.cells usually .also •accumulate in 
the blood, infiltrate other tissues and .cause bone marrow failure. 


French-American-British (FAB) classification of acute leukemia 

Myeloid 

Lymphoid 

M0 — Undifferentiated by morphology + 
cytochemistry 

Ml— Little differentiation > 90% blasts . : 

M2— Differentiated. 30-90% blasts 

M3— Promyelocytic: highly granular (Auer rods) 
M4— Myelomonocytic 

M5—Monocytic differentiation 

M6—Erythroid differentiation 

M7— Meuakaryoblastic 

According to cell morphology 

LI .Small cells, .high nuclear/cytoplasmic ratio 
.L2 Larger eel Is,- low n u cl car/.cyto p 1 as m i c ratio 
L3 Vacuolated, basophilic blast cells 

According to immunophenotype 

T-cell phenotype 25% 

B-cell phenotype 5% 

- Pre-B-cel 1 phenotype. 7 0% 

All subtypes have >20 % blast cells in the bone marrow. . 
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Treatment 


Aim of treatment is .to .destroy..leukem.io; ce.lls>witlioutcdamagingvnormal ;stem : i.celh:.iand ,• 
there are 3 phases of treatment: 

. Remission induction: aims to destroy most of malignant cell by combination 


chemotherapy. 

o AML: Daunorubicin + Cytarabine + Etoposide 
o ALL: Vincristine + Prednisolone + L-asparaginase + daunorubicin + 


Intrathecal methotrexate. 

. Remission consolidation : If remission is achieved by induction therapy, residual 
malignant cells are attacked by consolidation therapy. It includes a number of 
cycles of intensive chemotherapy with each course requires 4-6 wks in hospital, 
[stem cell transplantation may be used in pts < 55 yrs], 

. Remission maintenance: less intensive chemotherapy of repeating cycles for 2-3 
years is used to maintain remission in ALL [not AML] and is given at home. 


Tliere are some important differences between the treatment'of ALL and AML: 

* In ALL: CNS is usually involved and systemic chemotherapy cannot cross 
Blood-Brain-Barrier therefore prophylactic. Cranial irradiation + : High-dose . 

intrathecal methotrexate isigiven. 

• In AM L M3: All trans retinoic acid (ATRA) is given to induce differentiation: 


* Supportive Treatment 


> 


Blood transfusion, to keep.Hb > lOg/dl 
Pit transfusion to-Keep Pit > 100.000 
Treatment of infection 

Allopurinol & IV fluids to prevent fnric acid ->RF 
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Prognosis 


lUJlZ , . 1 

Without therapy the median survival of pts with acute leukemia is about 5 wks. 
80% of pts < 60 yrs with ALL or AML achieve remission. 

In AML Promyelocytic [M3] has. a good prognosis 


Prognostic factor 

Age _ 

Sex _ 

Race _ 

WBC count _ 

Organ involvement 
Chromosomal defect 
lmmunophenotype 


Prognostic factors for ALL 


Favorable 
2-10 years 

Female _ 

White _ 

<50.000 

None 

None _ 

FAB LI type 
nre-B phenob 


Unfavorable _ , 

< 2- > 10 years _ 

Male _ 

Black __ 

> 50.000 

CNS involvement 
Philadelphia translocation t(9;22) 
FAB L3 type 

T or B'cell surface markers_ 


--1 

Cytotoxic agents _| 

Cytotoxic 

Mechanism of action 1 Adverse effects 

Vincristine 

Inhibits‘formation of ' •• j Peripheral neuropathy 

microtubules i (reversible) 

Cisplatin 

Causes cross-linking in DNA > Ototoxicity 

i Peripheral neuropathy 
i Hypomagnesaemia 

Bleomycin 

Degrades preformed DNA : Lung fibrosis 

Doxorubicin 

Stabilizes DNA- . -Cardiomyopathy 

topoisomerase 11 inhibits ; 

DNA & RNA synthesis i 

Methotrexate 

Inhibits purine and i Myelosuppression 

thvm idyl ate synthesis i Mucositis 

. * . _„ i UomnrrlicirrtP 


-- j ^ *—• 

cross-linking in DNA 


j Myelosuppression, 
j Transitional cell carcinoma 


1 I 

y\ £w&ft / 
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Chronic myeloid leukemia 

Definition 

This is a clonal myeloproliferative-disorderxharacterized by an increase in .neutrophils 
and their precursors in the peripheral blood.' 

> Philadelphia chromosome: 

o The Philadelphia chromosome is present in more than 95% of pts with CML. 
o Philadelphia chromosome results due to a translocation between the long aim 
of chromosome 9 and 22 —1(9:22). 

o This results in that the ABL gene from chromosome 9 being fuses with the BCR 
gene from chromosome 22 BCR-ABL fusion gene which codes for a protein 

-A increased tyrosine kinase activity [ which inhibits cell death], 
o The Philadelphia chromosome may occur in ALL. 

For Epidemiology, Clinical picture, & In vestigations see Table 


Natural History 



• Chronic phase: pts is responsive to treatment & disease is controlled. [Platelet count 


is high] It lasts 3-5 yrs. 

. Accelerated phase: (not in all pts)-disease.becomes difiicult.:to:control,:[there is 
marked by anemia & Platelet counts falls] 

• Blast crisis: disease transforms to acute leukemia with [AML in 70% of pts and- 
ALL in 30% of pts] This leukemia resists treatment & Survival is often <4 months. 


Treatment 

Chronic phase 

♦ lmitinab: is the first line treatment it is an inhibitor-of the tyrosine kinase- 
associated with the BCR-ABL defect, it results in complete hematologic 
remission of >90% and cytogenetic remission in 76%. If a matched donor is 
available, it is best to transplant patients in complete remission. 

• Hydroxyurea & a-interferon (IFN) will control the raised white cell count. ^ 

♦ Busulfan, it use has been replaced by IFN-a and/or hydroxyurea, Y/ 

• Splenectomy is not effective ' (f k 

* Supportive therapy: See above. i! ^ 

Accelerated.phase: lmitinab + Hydroxyurea . . \A 

Blast crisis phase: As for acute leukemia. \\ 








Prognosis 

♦ Median survival is about 4 years. 

. Philadelphia chromosome -ve pts have poor prognosis [median survival of < 1 yr] 
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Chronic lymphocytic leukemia 


Definition: Chronic lymphocytic leukemia (CLL) is a B-cell clonal 

lymph oproliferative disease in which lymphocytes accumulates.in the blood, bone 

marrow and often in the lymph nodes and spleen (lymphocyte count > 5.0 x 10 /10 

For Epidemiology, Clinical picture, & Investigations see Table 

_ Cliniccd_ Staging for CLL __ 

Stage A: No anaemiaor thrombocytopenia+< 3 areas of lymphoid-enlargement 
Stage B: No ana emia or thrombocytopenia + > 3 areas of lymphoid enlargement 
Stage C: Anaemia and/or thrombocytopenia _ 


Treatment 

• Stage A no treatment 

• Stage B or Cf Oral chlorambucil to 1 lymphocyte^count. &| lymph node.& spleen 


size. 


Fludarabine may be used either alone or in combination. 
=0 


thrombocytopenia. 

• Splenectomy may improve low blood counts due hypersplenism. 

♦ Supportive treatment: as above 



Complications 

. Hypogammaglobulinemia leading to bacterial and viraLrecurrent infections 
. Warm autoimmune hemolytic anemia in 10-15% of patients 
. Trans fo no at ion to high-grade lymphoma (Richter's transformation) 


Prognosis 

. 50% of pts die of infection and 30% of causes unrelated to CLL. 

• The median survival is 5-6 years. 

• CLL rarely progresses to acute leukemia. 

Hairy cell leukemia: is rare (male/female ratio of 4 :1. peak age of 55 years), presents 
with splenomegaly and pancytopenia. "Haiiy cells' are present in bone marrow arid' 
blood. Infections are frequent. They are B cells which stain for tartrate resistant acid 
phosphatase (TRAP). Effective treatments include 2-chloro-deoxyadenosine (2-CDA) 

deoxycoformycin; interferon-a and splenectomy. 
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JAy mphonia 

octiV »r«1 iferatien of lymphoid cells originating in. 

-VV'~fi-'T€p -A> O'v/er V'vf) L<2 .iaV1<2./w I ^ " J 

Epidemiology r 

H : d |T“Sution with major peak between2CP3(kys & minor peak ai«b2- 

. Gender: more in males 
Non-Hodgkin lymphoma 

. Age: more in elderly. 

• Gender— More in males 


^ The cause is not known. & Both have familial aggregation. 

> Hodgkin lymphoma: 

. EBV 

. Woodworkers 

> Burkitt's lymphoma i A-A G-+Q ^ 


-4. JJJ u iiii^ ■ ■ te -LX 11 11 u: 

. Helicobacter pylori phenytoin). 

. Environmental factors as ra$mw & drugs <e.g. g_,_r- 

* Autoimmune disease: 

^ Sjogren’s syndrome .K, vS ^,/—do" V WA & 

j3 Autoimmune thyroiditis -J 

. ImmnTe^Sn (e.g. AIDS VCNS iymphoma, post-hansplant). 

Hi'stoioglcdtSass^iion 

> H0 R 1e“be°rr(RS) ceUs are characteristic and are of B^eUongm. 

• fggSSSS* ^ii^yo^nrediastina 1 disease. 

P* 5 ' “tenstve disease. 

^Lymphocyte rich classical HL: uncommon; limited disease. 

4 Lymphocyte depleted HL: rare; poor prognosis. 


lymphoma:'- 




There are two histological categone . , _wifh timerit i 

* • _ n -w-w . i • _ t'. 1 m 4 /\1 an f' r 


v ’ * 

^carries higher early mortal*, but paradoxrcally 
4o Tnnm respon sive to treatment. rncn5"\ > d A ^ > ' a . 


Dr. Akram Alkrekshi. 


2009 



d'A'ifi 


^ - i 








f > 

11 


Clinical Picture 






.sV 01 


Differences 

Clinical feature 

• Hodgkin's disease 

Non-Hodgkin 

Prevalence 

Less common 

More common 

Age 

Bimodal (25, 60) 

65-70 (older mean age) 

Common location 

Cervical apd 
supraclavicular nodes 

Abdominal, mediastinal, 
and supraclavicular 

Spread 

Contiguous 

Noncontiguous ’■ ' 

Extranodal disease 

Uncommon 

Common 

Systemic symptoms 

' Common 

Unconlmon 

a SVC syndrome 

Rare 

Common 

^;- 

.^Airway obstruction 

Rare 

Common 

♦ r i A 


V^ 0 Hodgkin 










\ Z' S>.'> "2c 


Enlarged, Painless rubbery lymphadenopathy (typically cervical & supraclavicular) 
is characteristic presentation. They may fluctuate in size. Alcohol ingestion m a y 

precipitate p am. - ' t> ‘ t ^ spoor P'^f 

Generalized Pruritis. C- > \ S 

r-j«glght .loss.-and.drenchi n gnight sweats) in 30/b t J._ 


Hepatic and splenic enlargement may occur. 




• Pel-Ebstein fever: occurs intemrittently andxrecurs at variable intervals over LUC^ 

several days or weeks. ' _ ^ 

& . ..* £Wa. -oios) r cfr <Xv 7D . 

Non-Hodgkin-^ r •-—<£> ^ f^.c h . Uy ^Oy-^-cxs. r\c, 

. Enlarged, painless lymphadenopathy but are Non-contagious and multicentnc. 
vCl - • ♦ Extranodal involvement is common, [GIT, Bone, Lung, CNS] 

W p fM^te^one marrow involvement is more common in low grade than high, grade, 
di oo<^. l| oCCur^ iooff fAf-C 

Investigations r vj 

Hodgkin 

CBC -> Anemia (normochromic, normocytic). 

—y Leukocytosis or Lymphopenia (Poor prognosis) i eosinophilia. 
t ESR, t Uric acid. ^xx-Ar- Cc\\-U'< W . 

f LDH (useful as prognostic marker and for meni toning response) 

Radiology: CT to look for other LN gfoups [Mediastinum, Abdomen, Pelvis] 

Bone marrow aspiration or bjqpsy . cU ^ n D s i ^ . 


< C 


>WCA * 


Non-Hodgkin , 

In addition to the changes seen inHL/NHLmay cause: 

' • • Tancytopeniaas a result of bone marrow involvement bone marrow failure. 
• Paraprotein IgG&IgM may be raised : 4 


In bofh diqgmsris is by iJy'bfRH NOPfPBTOPSY 


i 1 
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Staging 


Stage 1A ocIB 


-- 1 r,* _i. or ftxtrariodal site (stage IB)_ _ 


Stage IIA or HB 
Stage HIA or IXIB 


Stage IVA or IVB 


li . mum QLCLfrxxx ib u r -—— J —rrr- 

<*;inoi^ Ivmnhoid area or extranod al site (stage liij-__--—_— ( 

or extranodal s.tes o n ihe same S .deVfpj^ffi tSEL 

I .vmnh'oid areas /including the spleen') on both sides of thedabggg- 

pjffhse involvement of an extranodal organ s: (liver, bonema rr_v/)_ - 


i 

Treatment & Prognosis 

H °f gl St I age IA and IIA treatment is with local radiotherapy • 

. Higher stages Chemotherapy ± Radiotherapy 

OTWpTchft*a^uctUVinblas«ne,Procarbaxine > Prednisolone) 

• Side effect is infertility. __ W.^-,.. 

Prognosis ...... , „„a,r nnlv 50 .%.atoaKei^.Bt 8 . 

♦ > - ■. / i *T rmvn 


> PoTpromostictobfsiiAge^>45 -Male *B symptoms -Lymphocyte- 
deptod Wstology -Higher stage -Very bulky lymphadenopaflty -Hb < 10.5 
g% *Leukocytosis ♦Lymphopenia • tLDH 

Parattoxically! aggressive tumors respond more to treatment and are more likely 

to be cured than indolent tumors. 

• Radiotherapy For localized stage I tsease. 

"^e: Chlorambucil .(better life but not longer). ' 

o High grade: CHOP regimen (Cyclophosphamide, Doxorubicin, 

Vincristine and Prednisolone). . , -«7>wrV 

. Monoclonal antibody therapy * anti-CD20 antrbody Rrtuxrmab. Work 

synergistically with chemotherapy. 

. Bone marrow Transplantation -> for relapsed pts. 
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Multiple Myeloma 


Multiple myeloma (MM) is a malignant disorder of plasma: cells characterized by. 

1. A monoclonal paraprotein in serum and/or urine 

2. Bone changes leading to pain and pathological features 

3. Excess plasma cells in the bone marrow. 

Epidemiology 

* Age: median age at diagnosis 71 years 

* Gender: more in males 

* Race: more in black 


Etiology and pathogenesis . 

• The etiology is unknown. The cell of origin is B-lymphoid cell. 

Clinical features 

r Features resulting from plasma cell proliferation: 

1. involvement: Bone nain. especially lowerjbackache is the most 

common"feature!’Pathological fracture may occur. 

2. Hypercalcemia is a common complication results from bone desti action,' it . 
presents with thirst, polyuria, constipation. 

3. Marrow infiltration-}-features-, ofbone-marrowfailure. 
r Features resulting from the paraproteins: 

1 Infection: due to lack of normal immunoglobulins. 

2. Amyloidosis may cause macroglossia, hepatosplenomegaly. cardiac or renal. 

3. Hyperviscosity (rare) . 

^ Renal failure: occurs in 30% ofpts and is/causedby hypercalcaenuapinfection, 
deposition of paraprotein or light chains, uric acid or amyloidosis. 


I i 
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Investigations 

• CBC: Anaemia ± neutropenia ± thrombocytopenia.- 

• ESR is often >100 mm/h. 

• Blood film Leukoerythroblastic picture may be present. f 

• Bone marrow shows > 10% plasma cells: 

• Laboratory: 

o f Serum paraprotein [ IgG in 70% or IgA]. 

O Bence Jones protein (light Chains) in urine. 

o Serum p 2 -microglobulin | (Poor prognosis) 

o Serum alkaline phosphatase:usually normal. : 

o t serum Calcium 

• Radiology: 

o X-rays: Punched out lesions 

o CT scan or MRI shows lytic lesions typically in skull and axial skeleton. 
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Treatment . 

. AsvmotomaticptnoRx. But if symptomatic. 

. cZZLapy [Thalidomide OR Melphalan) + Predmsolone 

S r PP X V urino7 & Hydration to prevent-hyperuricemia which may cause renai failure. 
. Hydration, steroids and bisphosphonates for hypei calcaera a. 

♦ Plasmapheresis for hyperviscosity. 

^Mosfoatients relapse and median survival is 40 months from diagnosis. 

• Poor Prognostic factors: l Hb, T serum (5.1,1, T serum creatinine, I a umin. 


Uncommon disease seen in older men. It is a.plasma cell malignancy characterised by 
the secretion of a monoclonal lgM paraprotein 
Characteristic feature: 

. Monoclonal lgM paraproteinemia atct-m-lv-mce DVT 

. Hyperviscosity syndromes are common e.g. visual distuibance, D\ 

. There is Hepatosplenomegaly and Lymphadenopathy 
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Disorders of Hemostasis 


Hemostasis requires normal function of. 

1. Blood vessels. 

2. Platelets . 

3. Clotting factor s. 


niffprentiating between 


Platelet disorders and Clotting disorders 


History 


Examination 


Lab 


Pl atelet disorders __ 

Immediate mucocutaneous 
bleeding: 

1. Epistaxis 

2. Gingival 

3. Gastrointestinal bleeding 

4. Menorrhagia _ _ 

Petechiae and purpura __ 


Clotting disorders 


Delayed deep-tissue bleeding and 
hemarthrosis 


Bleedi ng Time 


Hematomas and hemarthrosis 


PT, aPTT 


-1 


i alutrnifir v and Clinical Findings in Coagul ation Disorder^ 

___=£---—- i ■ Dotopb t ctp 
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Intrinsic pathway 


Extrinsic pathway 
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Common pathway 
Prothrombin (11) 



>. Slabh* tibnn 


CtOt-U u{tt.i!h ui 


Prothrombin time: it is done by the addition of a substitute equivalent to tissue factor 
(tissue tliromboptastin) which stimulate factor Vll re. hximmc pallmay, 


1NR (International normalized ratio):.Because o£differences,between.diftei:ent 

batches and manufacturers of tissue factor (it is a biologically obtained product); the 

r NR , i:Sens ' tivity lnd6X) fM a ” y ,iS$lle faCt ° r 

thTy make. The 1SI value indicates how the- particular batch of tissue factoi computes 
to an internationally standardized sample. 


Partial thromboplastin time: Partial thromboplastin is a phospholipid emulsion 
equivalents platelet phospholipid which stimulate factor XU t.e. I„mns,c paUnroy. 
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hmc/.•%$••?•,*' '« > f : -, rlpficiencv of factor VIII. 

disease) due «o a deficiency offaCoHX. 


is 


Epidemiology v iinWd recessive disorder. 

' • S em :Shl^ A11 ^mna^inio., but hem ophm a B is feu,,,uses 

• Km,r,on .ndusu-lhr—« *?" hemoph » 

Up io 30% of patients have no family History 


: l 

i | 

L J 


1 ; 

t *; 

U 


a ' V 's C pm,{aneous bleeding, especially into joints (heinanlwoses) and muscles. 
. Onset in eaVIy childhood (eg. > ,, em0VTh!1 ge. 

. Increased risk of postopeta t\ c o tl secl by repeated 
^K,«n;r. rlebitilntimi loint disease causedby icptv . 


Sons of factor VIII concentrate to elevate the p.’s love, to 20-50% of norma, for 

-.- 

. Desmopressin' IVssop^n« , njC c,ions. , 

demils of their condition. 


Complications- of treatment 

* HIV and hepaUUs B.& C. 1 5 % of severe patients may require 

i,Kutp-? W-mten, with porcine factop Vl.i, 0, plasma exchange. 

Factor IX ^ '‘'“'iain'ilafI’o^emopbiin A. Except Hint fsetor 

StnlCrSrKent and desmopressin is no, effective. 

• _ t_i U fnetm'C V 11 


IX concentrate i* - 
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von Willebrarid's disease (vWD) 

pf\ O 3 dr Co r^\rr\ a Co aA) 

Epidemiology 

vWD is the most common inherited bleeding disorder, affecting 1% of population. 
Types of vWD: ^ ^ 

• Type 1: Partial deficiency of vWF (autosomal dominant) most common. \J 

• Type 2: Defect in vWF. 

• Type 3: Complete deficiency of vWF. (autosomal recessive) most severe. 

Pathophysiology and clinical presentation * 

The vWF is protein synthesized by endothelial cells & megakaryoctyes and it has 2 
functions: 

• vWF adhesive link between platelets and the injured blood vessel wall -> clinical 
features include immediate, mucocutaneous (i.e., platelet-type) bleeding: skin 
bruising, epistaxis and menorrhagia. 

• VWF functions carrier for factor VIII -> clinical features of delayed, deep-tissue, 

post-trauma (i.e., coagulation-type) bleeding , „ 

n . . - a 30 ri a*‘ 

Diagnosis ■— 

* | von Willbrand factor. 

^ Q&A-A' aOaTd 


\ Ow\ 




IL. (1 \\ 


Investigations 

• bleeding time: prolonged due to decreased platelet function 

• aPTT: prolonged due to decreased factor VIII. 

• Other tests of platelet aggregation are normal. 

r5~T~ 

Treatment r 

• Desmopressin which raises vWF in mild disease. 

• 'Factor VIII/vWF concentrate in severe disease. 

• Ciyoprecipitafe or plasma contain VIII/vWF. 

Thrombophilia 

It occurs idue to deficiency of body anticoagulant protein [Antithrombin III, Protein C, 
Protein S) 

f -mro/nvo vvw 

Antithroimbin HI deficiency 

• Autosohnal dominant Function of Antithrombin III inhibition of thrdmbin, factor X 
factor jtX|XI 
Clinical features 

• Recurrent venous thromboses is common. Arterial thromboses are uncommon. 

• Heparin works by binding to antithrombin III, enhancing its anticoagulant effect 
by inhibiting the formation of thrombin and other clotting factors. Patients with 
antifhrombin III deficiency may therefore by resistant to heparin treatment 

Managenient: Lifelong warfarinisation +heparinisation during pregnancy. 

• antifhrombin HI concentrates (often using during surgery or childbirth) 
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Idiopathic thrombocytopenic purpura ^ P 

■fuX Q \ t”v\ (VI v/-. rJ- 

Definition : ITP is an immune mediated reduction in the platelet count. Antibodies are 
directed against the glycoprotein Ilb-IIIa or lb complex, hi children it is usually acute 
and self-limited but in adults is chronic and less likely to resolve without therapy. 


Epidemiology 

Age-—20-40ys 

Gender— females (M/F ratio 1:4) 


P>Vb- OVA\\" 
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tilinical manifestation 

Excessive bleeding caused by thrombocytopenia may be: 

• Mucosal (epistaxis, gingival, gastrointestinal bleeding or menorrhagia) 

• Skin (purpura, petcchiae and echymoses). 

\ q 

• Rarely cerebral hemorrhage may occur when the platelet count is <10x10 /L. 
A palpable spleen strongly suggests that ITP is not the etiology for the 
thrombocytopenia, because < 3% of pts had ^..enlarged spleen . 

f/W 1 ’ -TIP ^ SM-V 




Investigations oo 

• CBC: Platelets low, often < 2(fx luyU. 1 

• Bone marrow is normal or increased numbers of megakaryocytes. (This should 

_ be done before starting steroids in order to rale out leukemia) ^ } ^ . 

• Bleeding time rs increased. : f p\4- ^ 10 jy ^ KJ 

• PT and APTT are normal, fibrinogen is normal. 

• Antipiatelet autoantibodies (usually IgG) 

TreatnSnP^ p u-k u t- -v* 


P 
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Oraljprednisolone (80% of patients respond) 4 f-J&v 
IV iriimunoglobulin causes temporary rise in platelet count. 

Splenectomy if platelets < 30 after 3 months of steroid therapy 

hnmfino suppressive therapy (e.g. azathioprine, cyclophosphamide, cyclosporine 

A,' rh^us ariti-D, and vincristine) may be used. 
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DDx ofdiiomEo cytopknia: 

1. f Production: BM damage (drugs, irradiation) BM failure (aplastic anemia), BM 

invasion (carcinoma, leukemia, amyloidosis and fibrosis). f 

2. t Destruction: ‘ ....... ...... 

* Hypersplenism . f 

* Autoimmune destruction by antib0 di es:.I TPLor SLE. Lvmpho maJfflVE ^ J f 

* Disseminated intravascular coagulation (DIC): Pit consumption with coagulation 
factor depletion (prolonged PT, PTT) and fibrinolysis (f d-dimer). Causes: Infection 
(meningococcal). Extensive bums. Trauma, Metastatic carcinoma, [AML M3]). 





hematuria), and neurologic dysfunction caused by failure to cleave vWF. 
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Anticoagulant therapy 

Heparin 

• Heparin is not absorbed orally so it's given subcutaneously or intravenously. 

♦ Heparin activates antithrombin'(AT) which irreversibly inactivates Prothrombin, 
Xa, IXa and XIa. It also impairs platelet function. 


Unfractionated heparin (UFH) 

Low molecular-weight (LMW <5000) 

Activates antithrombin-> irreversibly 
inactivates prothrombin Xa, IXa and XIa. 

Greater ability to inactivate Xa and less 
effect on thrombin. 

Short half-life so given by IV infusion 

Long half-life so given once daily 

More side effects 

Same but Less likely 


Indications 

1 Acute venous thrombosis, e.g. DVT and pulmonary embolism (PE). Continuous 
intravenous infusion of UFH for'5-7 days until warfarinized. Subcutaneous LMW 
heparin is equally effective. Warfarin is usually started 1-2 days after heparin. 

2. Acute peripheral arterial occlusion. 

7 . Prophylaxis of t hro mbosis CDVT1 in surgi c al pa tient s, o r pts-on-renal dialysis 

4. Pregnancy. (Warfarin is teratogenic) 

5. Maintaining patency of indwelling lines and catheters. 


I 


Monitoring 

UFH is monitored by APPT which should be maintained at 1.5-2 x normal. 

LMW heparin therapy is not normally monitored. [But can be monitored by 
Side effects . 

1. Hemorrhage. Heparin has a short half-life (1 h); levels fall rapidly when infusion 
stopped. Protamine sulphate will reverse heparin immediately, but must be used with 
caution as it can cause hemorrhage at high dosage. 

2. Long-term therapy (>2 months) can lead to osteoporosis! 

3. Thrombocytopenia, which is antibody-mediated. __ 


Warfarin. Given orally ^ 

Vitamin K promotes the y- carboxylalion of glutamic acid residues of factor II, VII, IX 
and'i; warfarin inhibits this enzyme. Full anticoagulation occurs 72h after starting 
therapy. Protein C and S levels also fall and this initially (first 2-3 days) leads to an 
increased risk of thrombosis and may lead to' skin necrosis. 

Control and monitoring: By PT and express©! as (INR). Treatment aim to maintain 
INR at 2.0-3.5 level depending on indication. 


L 
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Indications 

1. Treatment of DVT, pulmonary embolismrsystemic embolism (3-6 months). 

2. Prophylaxis against thrombosis in pafientsw/ith atrial'fibrillation, prosthetic valves, 
arterial grafts, and in patients with inherited or acquired predisposition. 

Side effects: • Hemorrhage • Skin necrosis . . 

Reversal of action: Patients with hemorrhage and a raised INR should receive fresh 

frozen plasma. If less severe vitamin K (10 mg i.v.). 
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Notes on Hematology 


Splenomegaly \ 

. Spleen lies under 9 th , 10 th , & ll lb rib with anterior margin reaching anterior axillary 

line ! 

* Sizes': Spleen is palpable if it's 3 times more enlarged than normal 
» Massive Splenomegaly is.>8cm below costal margin or crosses midline' 

. Not 'every palpable liver is pathological but any palp'able spleen is pathological 


Massive splenomegaly >8c: 

Moderate splenomegaly 4-8cm 

Slight < 4cm_ . 

1- Myelofibrosis 

2- CML ' 

3- Malaria • 

4- Kala r azar 

5.- Gaucher’s disease 

Causes of Massiveand: 

1 - Hemolytic anemia ■ 

2- Lymphoproliferative dis 

3 - Portal hypertension 
'4- Splenic Vein thrombosis 

Causes of Massive & Moderate 
+ 1- Infections [IMN, SBE] 

2- Blood dis [PRV, 1TP, 
Pernicious anemia, SLE, Felty'r 
Sarcoidosis, Amyloidosis] 


. Hypersplenism : . • 

' o Definition: its condition characterized, by splenomegaly + cytopenia(s) + 

• hyperpla stic bone marrow + a response.to splen e ctomy, - -- ,—- 

• J o' ltoccu rs as a result of that components of th'e blood (RBC, WBC, Pit) are removed 
at an abnormally high rate by the spleen low circulating levels. 

.' Generalized Lymph adenopathy • 

o ’ Def nUid'H: It’s.a lynhphadenopathy.that involves 2 or more non-contiguous sites 
p DDx:-' 

1- Viral->'infectious inononiicleosis syndromes (EBV, CMV) and HIV 

2- Bacterial-^ TB,- Syphilis 

3- Parasitic^Toxoplasmosis.. . . 

4- , Immunologic diseases - ^ JRA,.-SLE and Sarcoidosis 

5- Malignant diseases-^ Hodgkin’s disease, non-Hodgkin's lymphomas, and 

• ieukertrias'or Secondaries for a solid tuinor • . 

6- DrugV- Phenytoin acV'V ^ ^ 

o Note -.Submandibular nodes <1 cm and'inguinal nodes of < 2 cm, are normal 

Leu kern oid Reaction:. Extreme, elevation of leukocyte count (>5O,O0Q/jdL) composed 
-of mature and/or immature, neutrophils, . . ' . 

Cause dinTectidn ( tuberculosis ); !Hetfiolysis (severe). Malignant neoplasms (esp. 
carcinoma 6f the breast, lung, kBitiey)). • . • • V 

Leukemoid reaction-is distinguisljed from chronic myeloid leukemia. (CML) by 
measurement of the leukocyte alkSedMe^liospiiatase (LAP).'levetrf-in leukemoid . - - / " 
reactions, & | iri CML. . 
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Poikilocytosis 

abnormal RBC shapes] 

Pencil cell 

Iron deficiency anemia 

Thalassemia 

Target cell [central & outer rim of 

Thalassemia 

staining with intervening ring of pallor] 

Liver disease 

Fe deficiency 

Hyposplenism 

Elliptocytes [elliptical] 

Hereditary Elliptocytosis 

Sickled cells [elongated, crescentic] 

Sickle cell anemias 

Spherocytes [small hyperchromic cells] 

Hereditary Spherocytosis 

Bite cells 

G6PD deficiency 

SchistpCytes ffragmented cells] 

Mechanical hemolysis 

Teardrop cells 

Myelofibrosis 

Myelophthisis 

Echinocytes (burr cells) 

[Regularly spiculated] 

Uremia 

Acanthocytes (spur cel Is) [Irregularly 

Abetalipoproteinemia 

spiculated] 

Sever liver disease 

Leukoerythroblastic Reaction 

Myeiophtliiisis: invasion of the bone marrow 

[immature leukocyte + nucleated RBCs] 

by; tumor. 

Myelofibrosis 

Hemonrhage or hemolysis 


RBC Inclusions 

Howell-Jolly bodies [basophilic cytoplasmic 
inclusion & represents a residual nuclear fragment] 

Asplenic patient 

Megaloblastic anemia 

Heinz bodies [ inclusions of precipitated 
hemoglobin] 

Asplenic patient 

Thalassemia 

G6PD deficiency 

BasoDhilic stippling 

Lead poisoning 

WBC Inclusions 

Hypersegmentation [neutrophil nuclei contain 

more than the usual 2-4 lobes] 

Megaloblastic anemia 

Auer rods [eosinophilic, rodlike cytoplasmic 
inclusions] 

Acute myeloid leukemia 

Toxic granulations & DOhle bodies 

Bacterial infection 
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> Indications for bone marrow aspiration: 

1- To confirm, the diagnosis of iron deficiency anemia or megaloblastic anemia if (fie 
diagnosis is in doubt'or the patient does not respond to treatment 
2. To investigate unexplained anemia, leukopenia, or ^thrombocytopenia 

To investigate suspecjted leukemia, or myeloma, or -other hematological 
malignancies. 

4. To monitor response to treatment of leukemia 

5. Work up of some cases of fever of unimown origin' 

> Indications for bone marrow biopsy: 

I. Dry teg on aspiration (A dry tep.is pathological and of dtagnostio value) 

;• 1" addition; to aspiration for pancytopenia (aplastic anemia) ' 

o. Lymphomas, or Metastatic'tumor 

*■ MyeMfrdlT tofe0ti ° n (e ‘ g - m ^ ob4cteria > heliosis, histoplasmosis) 

6. Lipid storage disease (je.g., Gaucher’s, Niemarin-Pick) 

—-■ ; . , ■ . Leukocytosis> lLOOQ .. .. : — 

Lymphocytosis Monocytosis I Eosiriophilia Basophilia 
———-- 10 > 0Q0/ r*L - >5Q00 /mL- , ,• 1>8Q0/mL >500/mL . . >1Q0/mL 


■ 

TTeiitrophilia 
> 10,000 /mL 

Infection 

Bacterial 

Malignancy 

Other 

Myeloproliferative 

P ArflVAcfovntrl 


>5000/mL- , • | >800 
Miral and some bacteria: 


MI 

Exercise 


Adrenal crisis 
Autoimmune [RAJ 


Crohn’s 

disease 


. >.50Q/mL,. . 
Parasitic 

is I _ 

Myeloproliferative 

Aliergj' 

Churg r 

Strauss 


Allergy 


Infection 


Drag 


Malignancy 


•_ : _ I Leukopenia. <4000 _ " • - . 

N o e nnAV P T enia ^ Ifidiplmpeina I Monocytopenia Eosinopenia 

_<2000/)vfL_ L- <10QO/frL l<100/fuL " ,<50 /mL 

Viral • W<d“ — 

Typhoid 

Brucella’ 

Miliary TB.. : 

^ h y r ° 1 P Corticosteroid 

Thiazide • Immunosuppressive 

Immunosuppressive 

anemia. Acut e leukemia MvelophtHDD 
_1_I •. Myelofibrosis^ ~ 1 ' • 


! p^r\c L fio^e-n) y oUR* 
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